1. Introduction. The drag of supersonic wings increases rapidly with increasing thickness. This has led to some speculation about the potentialities of supersonic biplanes, which might afford structural strength and rigidity by virtue of their external structure and hence permit the use of thinner airfoil profiles than would be possible in a monoplane. This brings to mind the possibilities, recognized for several years, of actually reducing the drag of wings by providing the proper wave interactions between the upper and lower wings of a biplane arrangement. That this can be done in the two-dimensional case, i.e., in a biplane of infinite span, was proved in 1935 by Busemann (Ref. 1) , who showed that the drag (excluding viscous drag) can be made equal to zero for a biplane at zero lift.
Clearly, it is of interest to study the aerodynamics of finite-span biplanes at supersonic speeds, and especially to estimate the effects of the wing tips on the drag of a finite "Busemann biplane." In this paper we shall report briefly on an investigation (Ref. 8 ) of the aerodynamics of biplanes having rectangular wings of identical planform. To simplify the work, we shall use here the small-perturbation linear theory, in which all shock and expansion waves are replaced by Mach waves inclined at the free-stream Mach angle. Busemann, to be sure, did not make this approximation in his two-dimensional biplane studies; nevertheless, it should be permissible for the slender airfoils that are of greatest practical interest.
In the linearized theory, the Busemann biplane arrangement becomes the one shown in Fig. 1, i. e., the top and bottom surfaces are flat, the leading-edge Mach wave of either wing intersects the other wing at mid-chord, and the airfoil slopes are related by the formulas, for x > c/2,
The typical case is then simply that of two isosceles triangles pointing at each other. In this investigation, the Busemann relationship between gap, chord, and Mach angles shown in Fig. 1 will always be assumed, but it will not be necessary to specify the shape of the profile in deriving some general results. It will be shown that the velocity potential, including all interaction effects, can be calculated by means of integrations involving the wing surface slopes only. The general results will be applied to the numerical calculation of the wave drag, at zero lift, of the typical Busemann arrangement having triangular wing sections. 
where subscripts denote partial differentiation with respect to the rectangular Cartesian 
where p0 , po are the pressure and density of the undisturbed stream. An elementary solution of Eq. (1) is the so-called supersonic source, 4>(x, y, z) = [{x -£)2 -(f{y -t))2 -02(z -f)2] 1/2, provided that the value zero is taken outside It is well known (Refs. 2, 3) that a continuous distribution q of these singularities over a surface parallel to the flow yields a solution satisfying Eq. (1) and the boundary condition dcj}/dn = irq on the surface. Moreover, Evvard (Ref. 4 ) has shown how a distribution of these sources over a fictitious diaphragm at a wing tip can be used to account for the interaction of upper and lower surfaces of a monoplane wing.
We shall adopt Evvard's scheme here for the calculation of tip effects for both upper and lower wings, placing a diaphragm at each wing tip and introducing the conditions that these diaphragms are stream surfaces of the flow. The potential at points on the top (T) and bottom (B) surfaces of the upper (it) wing is given by Now the integrations over portions of S and S' can be simplified immediately by use of monoplane results. First of all, it is clear that, in all areas unaffected by biplane interaction, the wing-surface boundary condition requires that q = Ua/ir where a is the slope of the wing profile in the x direction. Moreover, Eward has shown, that for monoplanes-and therefore for biplane regions unaffected by interwing interaction-the integration over the diaphragm can be replaced by another integration over part of the wing. For any point forward of mid-chord, i.e., x < a, there can be no biplane interaction, hence it is convenient to write the relatively simple expressions for these points before going on to treat the interacting regions. 
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7T Jsi J S io x > a: We consider now a point on the wpper wing, top surface. If the point lies forward of the Mach line from the tip mid-chord (outside of area N in Fig. 3 ), there is again no biplane interference and Eqs. (5) and (6) apply. For a point in N, however, there exists an effect of the lower wing, transmitted through the interaction region of the tip diaphragm. We can write 4>ut(x, y) = --f w(0) dS --f XuM(0) dS.
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Here, and in subsequent formulas, we denote by A(£, 17) the slopes of the tip diaphragms of upper and lower wings. Thus, for any point on the top of the upper-wing diaphragm, quT is equal to U\u/tt, and this value has been used in Eq. (7). In regions unaffected by biplane interaction (e.g. for £ < a), X(£, jj) is the same as for a monoplane, and Evvard's results will be used for such regions. In interacting regions X is still unknown, of course; its determination constitutes the main problem of this investigation. We shall postpone this to the next section, after writing an analogous formula for points on the bottom surface of the upper wing. All points of the bottom surface of the upper wing, for which x > a are affected by biplane interaction. Let Si and S'n denote the areas of the lower wing and its diaphragm that affect the point (x, y). The wing-surface boundary condition is q*B(x, y) + ns
This is an explicit formula for quB(x, y), involving only known quantities. It may be noted that in the region S'n , qlT has been put equal to UXi/tt. Moreover, here X; is a monoplane value unaffected by biplane interference, and is therefore known from Eward's work. We now have <t>uB{x, y) = -?ubm(0) dS
where quB in S; is known from Eq. (8) and X, in S'n is known from monoplane theory. Again the calculation of the diaphragm source distribution, quB in Sn , is postponed to the next section. For the lower wing there are formulas exactly analogous to Eqs. (7), (8) and (9), which will not be written out here.
3. Calculation of diaphragm distributions. The conditions that insure that the tip diaphragms will be stream surfaces are the conditions of equal slope and equal pressure on top and bottom. Since, as Evvard has pointed out (Ref. There is an analogous equation for X; , which will not be written out. Eq. (13) is to be satisfied for all points x, y on the upper-wing diaphragm. For some areas, there is no biplane interaction, i.e., Si and S'ir vanish, so that the second and third integrals on the right side of Eq. (13) 
Our integral equation now takes the form f <16)
for points ux , vx in Sn .
The solution can now be found by means of the following process:
Differentiating this result with respect to u', we have
We now multiply both sides of Eq. (18) 5. Calculation of the potential. Although the biplane problem is now completely solved in principle, the straightforward calculation of 4>, especially for regions of biplane interference, by substitution in Eqs. (7) and (9), is extremely tedious. Fortunately, as will now be shown, it is possible to eliminate entirely the integration involving A" in these two formulas.
In both Eqs. (7) and (9), the term involving A" is <2i)
where now u, , lie in region Sj. We return to Eq. Formulas (28) and (29) permit the calculation of the potential, and consequently the pressure distribution, on the biplane. It is seen that, whereas we have succeeded in eliminating the integrals involving X" , for the upper wing, we are left with integrals involving X, , to be taken over certain interaction-free areas. In fact, if interplane interaction of a higher order were encountered, such as an area of the lower wing influenced by interacting regions of the upper wing, it would always be possible to eliminate the X integral expressing the last stage of tip interaction. This is the case of the finite Busemann biplane, having isosceles-triangular profiles, at zero lift, at a Mach number of y/2. The computations have been carried out on a computing machine, and integrations have been done by planimeter. These are only preliminary results of an investigation that is still in progress.
These numerical results are shown in Fig. 4 , where spanwise distribution of wave drag is plotted. The average drag coefficient of the biplane has been computed from For the monoplane, 5 denotes the half-angle of the wedge. As would be expected, the ratio of biplane to monoplane wave drags diminishes with increasing aspect ratio. It is not difficult to show that the force coefficients calculated according to this theory for any Mach number Mi , can be extended to any other value of M by means of the following similarity rule Cd(M) = Cd(Mj)
The same correction would apply to the lift coefficient, CL{M). It is to be understood here that the coefficients CD{M) and CL{M) do not apply to the same biplane as CD(M1) and but to a new configuration proportioned as in Fig. 1 at the Mach number M. In particular, the result of the present numerical work can be written CD = 0.82352/(A/32).
(33)
